Superior mesenteric artery flow velocity waveforms in small for gestational age fetuses by Rhee, Eleanor Hoon Joo
Yale University
EliScholar – A Digital Platform for Scholarly Publishing at Yale
Yale Medicine Thesis Digital Library School of Medicine
1998
Superior mesenteric artery flow velocity waveforms
in small for gestational age fetuses
Eleanor Hoon Joo Rhee
Yale University
Follow this and additional works at: http://elischolar.library.yale.edu/ymtdl
Part of the Medicine and Health Sciences Commons
This Open Access Thesis is brought to you for free and open access by the School of Medicine at EliScholar – A Digital Platform for Scholarly
Publishing at Yale. It has been accepted for inclusion in Yale Medicine Thesis Digital Library by an authorized administrator of EliScholar – A Digital
Platform for Scholarly Publishing at Yale. For more information, please contact elischolar@yale.edu.
Recommended Citation
Rhee, Eleanor Hoon Joo, "Superior mesenteric artery flow velocity waveforms in small for gestational age fetuses" (1998). Yale







Permission to photocopy or microfilm processing 
of this thesis for the purpose of individual 
scholarly consultation or reference is hereby 
granted by the author. This permission is not to be 
interpreted as affecting publication of this work or 
otherwise placing it in the public domain, and the 
author reserves all rights of ownership guaranteed 
under common law protection of unpublished 
manuscripts. 
Digitized by the Internet Archive 
in 2017 with funding from 




Superior Mesenteric Artery Flow Velocity Waveforms in Small for 
Gestational Age Fetuses 
A Thesis Submitted to the 
Yale University School of Medicine 
in Partial Fulfillment of the Requirements for the 
Degree of Doctor of Medicine 
by 
Eleanor Hoon Joo Rhee 
Year of degree 
1998 
Med LM 
: i i y3 
fYi'i 
S07 
¥AtF MFOTCM WARY 
AUG 1 8 1998 
Superior Mesenteric Artery Flow Velocity Waveforms In Small For 
Gestational Age Fetuses 
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Abstract The objective of this study was to analyze the superior 
mesenteric artery flow velocity waveforms in small-for-gestational-age 
fetuses, and to compare its contribution to the management of these fetuses 
with that already provided by the middle cerebral artery and umbilical artery 
flow velocity waveforms. Middle cerebral artery, umbilical artery, and 
superior mesenteric artery flow velocity waveforms were prospectively 
obtained in 41 small-for-gestational-age fetuses with color Doppler 
ultrasonography. The pulsatility index was used to quantify the waveforms. 
Poor perinatal outcome was defined by fetal distress, perinatal death, need for 
assisted ventilation, and necrotizing enterocolitis. In the small-for- 
gestational-age fetuses the middle cerebral artery pulsatility index was 
abnormal in 22/41; the umbilical artery in 26/41; and the superior mesenteric 
artery in 17/41. Coincident with abnormal umbilical and middle cerebral 
artery flow velocity waveforms were greater occurrences of poor perinatal 
outcome. The abnormality of an increased pulsatility index in the superior 
mesenteric artery velocity waveforms of small-for-gestational-age fetuses 
suggests greater vascular resistance and an overall reduction in visceral 
perfusion. However, the study of the superior mesenteric artery seemed only 
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Since the advent of ultrasound in the 1950s, it has become a highly 
developed technology which has become quite useful in prenatal 
diagnosis and fetal surveillance. Besides detecting structural and 
functional abnormalities, fetal size, and gestational age, ultrasound has 
helped guide physicians in their care of the female patient. The 
limitations of classic x-rays have been overcome with this imaging 
approach, and the need for the fetus to be exposed to radiation has been 
virtually eliminated. As ultrasound aids in the managing of pregnancy, 
certain areas for which this technology may be of benefit to the female 
patient are: 1 
1. Estimation of gestational age for patients with uncertain clinical dates, or 
verification of dates for patients who are to undergo scheduled elective repeat 
cesarean delivery, indicated induction of labor, or other elective termination 
of pregnancy. Ultrasonographic confirmation of dating permits proper 
timing of cesarean delivery or labor induction to avoid premature delivery. 
2. Evaluation of fetal grozuth (e.g., when the patient has an identified 
etiology for uteroplacental insufficiency, such as severe pre-eclampsia, 
chronic hypertension, chronic renal disease, severe diabetes mellitus, or for 
other medical complications of pregnancy where fetal malnutrition, i.e., 
IUGR or macrosomia, is suspected). Following fetal growth permits 
assessment of the impact of a complicating condition on the fetus and guides 
pregnancy management. 
3. Vaginal bleeding of undetermined etiology in pregnancy. Ultrasound often 
allows determination of the source of bleeding and status of the fetus. 
4. Determination of fetal presentation when the presenting part cannot be 
adequately determined in labor or the fetal presentation is variable in late 
pregnancy. Accurate knowledge of presentation guides management of 
delivery. 
5. Suspected multiple gestation based upon detection of more than one fetal 
heart beat pattern, or fundal height larger than expected for dates, and/or 
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prior use of fertility drugs. Pregnancy management may be altered in 
multiple gestation. 
6. Adjunct to amniocentesis. Ultrasound permits guidance of the needle to 
avoid the placenta and fetus, to increase the chance of obtaining amniotic 
fluid, and to decrease the chance of fetal loss. 
7. Significant uterine size/clinical dates discrepancy. Ultrasound permits 
accurate dating and detection of such conditions as oligohydramnios and 
polyhydramnios, as well as multiple gestation, IUGR, and anomalies. 
8. Pelvic mass detected clinically. Ultrasound can detect the location and 
nature of the mass and aid in diagnosis. 
9. Suspected hydatidiform mole on the basis of clinical signs of hypertension, 
proteinuria, and/or the presence of ovarian cysts felt on pelvic examination 
or failure to detect fetal heart tones with a Doppler ultrasound device after 12 
weeks. Ultrasound permits accurate diagnosis and differentiation of this 
neoplasm from fetal death. 
10. Adjunct to cervical cerclage placement. Ultrasound aids in timing and 
proper placement of the cerclage for patients with incompetent cervix. 
11. Suspected ectopic pregnancy or when pregnancy occurs after tuboplasty or 
prior ectopic gestation. Ultrasound is a valuable diagnostic aid for this 
complication. 
12. Adjunct to special procedures such as fetoscopy, intrauterine transfusion, 
shunt placement, in vitro fertilization, embryo transfer, or chorionic villi 
sampling. Ultrasound aids instrument guidance, which increases safety of 
these procedures. 
13. Suspected fetal death. Rapid diagnosis enhances optimal management. 
14. Suspected uterine abnormality (e.g., clinically significant leiomyomata or 
congenital structural abnormalities, such as bicornuate uterus or uterus 
didelphys, etc.). Serial surveillance of fetal growth and state enhances fetal 
outcome. 
15. Intrauterine contraceptive device localization. Ultrasound guidance 
facilitates removal, reducing chances of IUD-related complications. 




17. Biophysical evaluation for fetal zuell-being after 28 weeks of gestation. 
Assessment of amniotic fluid, fetal tone, body movements, breathing 
movements, and heart rate patterns assists in the management of high-risk 
pregnancies. 
18. Observation of intrapartum events (e.g., version/extraction of second 
twin, manual removal of placenta, etc.). These procedures may be done more 
safely with the visualization provided by ultrasound. 
19. Suspected polyhydramnios or oligohydramnios. Confirmation of the 
diagnosis is permitted, as well as identification of the cause of the condition 
in certain pregnancies. 
20. Suspected abruptio placentae. Confirmation of diagnosis and extent 
assists in clinical management. 
21. Adjunct to external version from breech to vertex presentation. The 
visualization provided by ultrasound facilitates performance of this 
procedure. 
22. Estimation of fetal weight and/or presentation in premature rupture of 
membranes and/or premature labor. Information provided by ultrasound 
guides management decisions on timing and method of delivery. 
23. Abnormal serum alpha-fetoprotein value for clinical gestational age 
when drawn. Ultrasound provides an accurate assessment of gestational age 
for the AFP comparison standard and indicates several conditions (e.g., 
twins, anencephaly) that may cause elevated AFP values. 
24. Follow-up observation of identified fetal anomaly. Ultrasound 
assessment of progression or lack of change assists in clinical decision 
making. 
25. Follow-up evaluation for suspected placenta previa. 
26. History of previous congenital anomaly. Detection of recurrence may be 
permitted, or psychologic benefit to patients may result from reassurance of 
no recurrence. 
27. Serial evaluation of fetal growth in multiple gestation. Ultrasound 
permits recognition of discordant growth, guiding patient management and 
timing of delivery. 
28. Evaluation of fetal condition in late registrants for prenatal care. 
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Diagnostic ultrasound has been used to improve patient management and 
pregnancy outcome when medically indicated. 
Vascular ultrasound began with imaging of the heart and vessel wall 
motion, but this amplitude dependent sonography could not evaluate 
actual blood flow. In the mid-to-late 1970s Duplex Doppler sonography 
was introduced in which there could be actual recording of the blood flow 
of not only the heart, but also the brain, abdomen, and extremities. Over a 
course of ten years, a relationship between the spectral analysis produced 
by Doppler and the physiologic and pathophysiologic blood flow was 
established. In the 1980s further progress had been made as color flow 
capability brought together both anatomic and physiologic imaging. 
Color Doppler flow sonography is a non-invasive means of studying 
blood flow by displaying the flow data as a two-dimensional image. It is an 
advancement in traditional ultrasound as the direction, velocity, and size 
of the blood flow jets can be viewed through particular arteries and veins. 
Doppler systems are based on the principle of emitting a very high 
frequency sound which is reflected off the moving red blood cells and then 
returned at a different frequency, dependent upon the speed and direction 
of the moving blood. The resultant information is displayed as a velocity 
spectral analysis which shows the cardiac cycle in systole and diastole. 
The physical principles, behind these devices used to image blood flow, 
are attributed to Johann Christian Andreas Doppler, an Austrian 
mathematician and scientist who lived from 1803-1853. He first described 
changes in the wavelength of light with respect to astronomical events. 
He noted how certain properties of light emitted from the stars is 
dependent upon the relative motion of the observer and the wave source. 
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Others after him were able to extrapolate his findings to sound waves, 
providing the basis for Doppler ultrasound. 
In order to understand color flow imaging, it is important to consider 
the operating characteristics of the original systems of conventional pulsed 
and continuous wave Doppler. The continuous system is older and 
involves the continuous transmission and reception of ultrasound waves. 
Its main advantage is its ability to measure high blood cell velocities. 
However, its lack of depth discrimination and small range resolution 
make the waveforms both difficult to interpret and incorporate into color 
systems. 
The pulsed wave Doppler uses a transducer, which will alternatively 
transmit and receive ultrasound information, while producing the 
resultant spectral analysis. It provides Doppler shift data from a small 
region along the ultrasound beam, known as the sample volume. The 
operator not only determines the location of the sample volume but can 
gain some fine range resolution using this particular technique. 
Disadvantages of this system include the constraints of time for the initial 
pulse to reach the area of interest and then return, and the limitations on 
measuring maximal velocities of blood flow. 
Doppler color flow imaging is an advanced extension of the pulsed 
Doppler principle. Whereas conventional pulsed Doppler is able to 
precisely locate abnormal flows or the timing of these flow events, it has 
difficulty recording true velocities. Color flow Doppler may not be precise 
in measuring high velocity information or in offering fine temporal 
resolution, but the assignment of color to the direction of flow offers quick 
spatial information as abnormal and normal flow is readily identified. 
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Comparing the different roles of Doppler methods, it appears that each 
has its own set of advantages and disadvantages. The inclusion of color 
Doppler with the conventional approaches in imaging blood flow has 
shown to be an important addition, especially in terms of learning the 
fundamentals and the actual time to conduct an examination. Color flow 
imaging seems to be just as good as pulsed wave Doppler in its sensitivity 
for detecting blood flow, and in its ability to roughly quantitate the size 
and direction of abnormal blood flow. However, continuous Doppler is 
the best amongst these three methods in producing precise quantitative 
measurements and the most sensitive in detecting blood flow. Figure 1. 
summarizes the uses of the various Doppler methods. 
Doppler Roles 
Color Flow Pulsed Wave Continuous Wave 
Advantages -saves time 
-adds spatial info. 
-fine range resolution -measures high 
blood cell velocities 
Disadvantages -loss of temporal 
resolution 
limits in measuring hi velocities 
-constraints in time 
-limits in measuring 
hi velocities 
-small range resolution 
-lack of depth 
discrimination 
Sensitivity in good 
detecting flow 
good best 
Quantitative measures semi semi best 
Learning time short longer longest 
Examination time short longer longest 




Doppler ultrasound conveys information by its blood velocity 
waveforms. The x-axis of the two-dimensional image represents time and 
the y-axis represents the Doppler shift, the frequency reflected back from 
the transducer. This frequency shift ( Fd) is dependent upon the 
transmitted frequency (fG) and the velocity of the blood. Other important 
factors in the Doppler equation are the velocity of sound in blood or tissue 
(c), which is constant at 1540 m/sec, and the angle between the transmitted 
beam from the transducer and the moving red blood cells (cos alpha). 
Fd= (2 f0/c) V • cos alpha 
Equation 1. Doppler equation. 3 
Based on this equation, if alpha is zero its cosine will equal one, and if the 
angle is 90° the cosine will equal zero. Therefore, from these observations 
the Doppler shift will increase if the velocity of the blood is increased, or if 
the angle of incidence between the sound beam and the moving reflector 
is decreased. 
From the spectral signals the peak systolic and end diastolic velocities 
(EDV) can be directly measured. The peak systolic velocity is the greatest 
velocity or the peak of the spectral analysis during systole in a cardiac cycle. 
The mean velocity (MV) can be determined from these values or 
calculated as the average of all instantaneous velocity values over a 
cardiac cycle. Quantification of the waveforms can then be given by three 
4 5 
different indices; the pulsatility index, the resistance index, " and the 
systolic/diastolic ratio. ^ The pulsatility index (PI) is the amplitude of the 
flow velocity waveforms divided by its time-mean value. 
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MV= [PV +(EDV x 2)] / 3 
Equation 2. Mean Velocity. 4 
PI= PV - EDV/ mv 
Equation 3. Pulsatility Index. 4 
The resistance index (RI) was defined by Pourcelot as a measure of 
peripheral flow resistance. 5 
RI = PV-EDV / PV 
Equation 4. Resistance Index. 5 
The systolic/diastolic ratio is another index that was introduced by Stuart 
et al. 6 These three parameters all describe the shape of the blood velocity 
waveforms, but the pulsatility index may be a better means of 
quantification if the end diastolic flow is either absent or reversed. 
Because in the case of no end diastolic flow, the S/D ratio will equal 
infinity and the resistance index will consistently equal one. 
Doppler ultrasound provides a great deal of information regarding 
blood flow, which makes it a valuable diagnostic tool in obstetrics and in 
assessing the human fetus. Some of its major applications in obstetrics are 
studying: 
1) fetal physiology, 2) intrauterine growth restriction, 3) fetal anemia, 4) 
fetal echocardiogram, 5) multiple gestation, 6) effects of drugs on the 
fetal circulation, 7) monitoring of fetal heart rate in the third semester 
and in labor, and 8) maternal Doppler. 7 
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Since Doppler has shown to have many purposes, it is of import to 
note why antepartum surveillance of certain conditions like intrauterine 
growth retardation (IUGR) is clinically indicated. IUGR is a non-specific 
term describing a condition in which a neonate is below the tenth 
percentile in weight for its gestational age. 8 This diminished fetal growth 
potential can encompass a variety of developmental problems as well as 
prenatal, intrapartum, and postpartum complications. When a fetus is 
clinically small-for-gestational-age (SGA), where it may suffer from early 
onset or symmetrical intrauterine growth retardation, it is at increased risk 
for meconium aspiration, asphyxia, polycythemia, hypoglycemia, 
hypocalcemia, mental retardation, and developmental, motor, and 
behavioral delays. Usher and McLean conducted a study of perinatal 
morbidity figures in a series of 44,256 consecutive births in thirteen years 
and found them to be ten times higher in IUGR infants. 9 The increased 
perinatal mortality rate in small-for-gestational-age fetuses, a figure which 
has been up to eight times higher than that found in appropriate-for- 
gestational-age fetuses, 10 also suggests that it would be of benefit to 
diagnose this condition as soon as possible in utero, rather than at the 
time of birth. 
The onset and etiology of intrauterine growth retardation determines 
the severity of a small-for-gestational-age fetus' morbidity and mortality. 
The etiology could be maternal, placental, or fetal in nature. Maternal 
factors include poor nutrition, smoking, abuse of drugs or ETOH, drug 
exposure, and antiphospholipid syndrome (autoantibody production). 
These antiphospholipid antibodies may contribute to the formation of 
vascular lesions in the placental and uterine vasculature, compromising 
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fetal growth. H Hobbins also reports that a deficient oxygen or nutrient 
supply to the fetus may be found in women who are relatively hypoxic as 
a result of anemia, heart disease, or living at high altitudes. 12 
Diminished placental function, which usually occurs in the last 
trimester of pregnancy, can also account for poor fetal growth. 
Uteroplacental vascular insufficiency, secondary to limited placental 
perfusion, diminished placental membrane area, or changes in 
permeability will affect the size of the fetus. Chronic uteroplacental 
insufficiency due to hypertension, renal disease, maternal diabetes, or 
more primary placental causes, such as; chronic partial separation, 
extensive infarction, and placental previa will reduce the blood flow to the 
intervillous space, resulting in an interruption of the supply of nutrients 
and oxygen to the fetus. 13 In a paper by Jackson, 14 he reports that the 
placentas of small-for-gestational-age fetuses do not have a decreased 
number of arterial vessels than their appropriate-for-gestational-age 
counterparts. Rather the walls of the vessels are significantly thinner, 
suggesting failure of normal development. The small-for-gestational-age 
fetus may also have less villous tree elaboration which can affect the 
volume and surface area of the terminal villi and their capillaries. This 
will result in increasing the impedance of the umbilical artery and will 
restrict the surface area where maternal-fetal exchanges occur. 
The fetal etiology of factors that can account for restricting fetal growth 
and development include intrauterine infection, congenital anomalies, 
genetic factors, exposure to teratogens, or infectious agents, such as; 
toxoplasmosis, rubella, or cytomegalovirus. 
The appearance of a small-for-gestational-age infant in about half of the 
cases will be a baby with obvious muscle mass and tissue wasting, 
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particularly in the buttocks, arms, thighs, and cheeks. The skin may be 
cracked over the palms and soles. The skull may be widened, but the 
fontanelles will remain flat, indicating decreased bone growth instead of 
increasing intracranial pressure. Another sign of wasting is decreased 
subcutaneous fat which may restrict the postnatal development of fatty 
acid oxygenation by the heart, brain, and other tissues. 13 
Besides the known associated complications with small-for-gestational- 
age fetuses, another means of morbidity may be necrotizing enterocolitis. 
It is the most common gastrointestinal emergency in neonatal intensive 
care units and ninety percent of the patients are premature. 13 Their 
clinical symptoms involve abdominal distension, bloody stools, retained 
gastric contents, and septicemia. For necrotizing enterocolitis to develop 
there must be a threshold level of injury, with the potential action of three 
factors: intestinal ischemia, the presence of pathogenic bacteria, and an 
excess of protein substrate intraluminally. 16 Necrotizing enterocolitis 
has even been postulated as part of a syndrome of multisystem organ 
failure. This syndrome has sequential deterioration of the respiratory, 
hepatic, cardiac, renal, and hematologic functions, after some kind of 
sepsis or injury, in which the breakdown of the mucosal barrier in the 
intestine may play an important role. I'7 
In trying to gain insight into the pathogenesis of necrotizing 
enterocolitis, Crissinger 13 suggests that the immature capability to 
regulate blood flow and oxygenation in the developing intestine may be 
the initiator of the disease process. In some small-for-gestational-age 
fetuses there may be a decreased vasodilatory capacity in the bowel, since 
the collateral circulation of the arterial network that supplies the bowel 
may also be functionally immature. However, not all small-for- 
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gestational-age fetuses develop necrotizing enterocolitis. In evaluating the 
oxygen needs of the bowel, it is important to remember that oxygen 
consumption is the product of blood flow and the arteriovenous oxygen 
content difference. Therefore, hypoxic insult to the developing bowel may 
not develop in these fetuses because of their ability to maintain oxygen 
uptake by increasing oxygen extraction, rather than increasing blood flow. 
Antenatally, intrauterine growth retardation can be described as one of 
two types, symmetrical or asymmetrical. Symmetrical growth retardation 
may have normal head to abdominal circumference ratios, but the 
absolute growth rate is reduced. Oftentimes, this is associated with 
intrauterine infections or fetal anomalies. Asymmetrical growth 
retardation results in brain sparing so that the head is larger than the 
abdomen. These small-for-gestational-age fetuses may also have smaller 
placentas and decreased amniotic fluid levels. 
The sonogram and serial fundal height measurements are other means 
of evaluating and identifying small-for-gestational-age fetuses. If the 
fundal height lags by 2 cms, in a fetus with a well-established gestational 
age, or in a mother who may have "high-risk" indicators of 
hypertension, renal disease, preeclampsia, diabetes, or antiphospholipids, 
a sonogram should be conducted. This method of imaging makes the 
following fetal measurements: 1) fetal biparietal diameter (BPD), 2) head 
circumference, 3) abdominal circumference, 4) head to body ratio, 5) femur 
length, and 6) calculated fetal weight. H 
In evaluating the small-for-gestational-age fetus by Doppler 
ultrasound, numerous studies have shown abnormal blood velocity 
waveforms in the middle cerebral and umbilical arteries. Fetal circulation 
in a growth restricted or hypoxic fetus has compensatory redistribution of 
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its arterial blood flow. Along with increased blood flow to the brain, due 
to decreased resistance in the internal carotid and middle cerebral 
arteries^, there is decreased blood flow to the extremities and peripheral 
organs, as resistance to blood flow in the umbilical arteries is increasing.^ 
The middle cerebral artery is the vessel of choice in assessing the 
cerebral circulation, because of its ease in identification. From fifteen to 
twenty-eight weeks the artery will have pulsatility indices that are 
parabolic in shape. The low pulsatility index values in early and late 
gestation may reflect the increased metabolic requirements of the brain. 
Growth restricted fetuses will tend to have lower pulsatility indices than 
appropriate-for-gestational-age fetuses of the same gestational age. This 
indicates a lower vascular resistance in the middle cerebral artery in 
intrauterine growth retarded fetuses, with resultant increased blood flow 
to the brain, otherwise known as the "brain-sparing" effect. 
The "brain-sparing" effect is advantageous in growth restricted fetuses. 
It appears to be more of a mechanism in preventing fetal brain hypoxia, 
rather than in preventing brain damage or permanent neurologic 
abnormalities.21 However its action is transient, in that if the fetus loses 
this ability despite an oxygen deficit, there will be a reversal as the 
pulsatility index again begins to rise and becomes an indicator of brain 
edema. This is a critical point as it may precede fetal demise. 
Other reasons for low pulsatility indices in the middle cerebral artery 
are brain growth spurt, post-uterine contractions, high fetal heart rate, 
severe anemia, post-transfusion, therapeutic amniocentesis, ductal 
constriction and tricuspid insufficiency, hypoxemia, and acidemia. High 
pulsatility indices in the middle cerebral artery can be associated with 
uterine contractions, low heart rate, oligohydramnios, fetal head 
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compressions, sustained hypoxemia with acidemia, hydranencephaly, and 
indomethacin. 2 
In normal pregnancies the umbilical artery produces Doppler spectral 
analyses of a low resistance pattern with a high diastolic and systolic phase 
of the cardiac cycle. However, the flow velocity waveforms of the 
umbilical artery differ, depending on if it is accessed at the level of the 
placental insertion or of the abdominal wall, where indices will be higher. 
The overall waveforms will decrease with advancing gestation because of 
a decrease in the placental vascular resistance. This is due to the 
increasing size of the placenta and the increase in the number of villi, 
which serves to expand the umbilical-vascular tree. In small-for- 
gestational-age fetuses with placental insufficiency, there is a higher 
placental resistance so that the indices are increased above the normal 
range. As the insufficiency becomes more severe, the end diastolic 
component will either decrease, become absent, or be reversed. 
Since growth retardation has many causes it is necessary to conduct 
genetic, morphologic, and biometric fetal assessments. It is also of import 
to distinguish neonatal long-term morbidity due to intrauterine growth 
retardation itself, versus morbidity due to the extreme circulatory 
abnormalities of absent or reversed end diastolic flow in the umbilical 
artery. Fetuses with intrauterine growth retardation and absent or 
reversal of blood flow in the umbilical artery have a three-fold increased 
risk for neurologic damage than fetuses with only IUGR. 22 Mortality and 
neurologic injury are not just dependent upon gestational age but are also 
dependent on the severity of the intrauterine growth retardation and the 
presence of severe vascular abnormalities. 
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With the Doppler studies, subsets of fetuses that are small-for- 
gestational-age with normal umbilical artery velocimetry and those with 
abnormal umbilical artery waveforms can be made. Those with normal 
umbilical artery indices are at less risk for perinatal complications and for 
prolonged hospitalizations. 23 Abnormal waveforms, as the result of 
increased resistance to flow, may suggest long-term compromise of the 
gaseous and nutrient maternal-fetal exchange. The small-for-gestational- 
age fetus with abnormal umbilical artery Doppler patterns may be 
suffering from functional maturation failure of the placenta. Because of 
the reduced vascularization of the placental villous tree, intrauterine 
growth retardation will result. 24 Fetuses with abnormal indices have 
been found to have a more severe retarded growth state with fewer 
reserves, than fetuses with normal umbilical artery Doppler waveforms.23 
Abnormal umbilical artery Doppler studies can identify pregnancies at 
risk for perinatal mortality. Its use in high-risk pregnancies has been 
associated with a significant decrease in mortality without an increase in 
the rate of inappropriate obstetric intervention. Umbilical Doppler 
velocimetry is important to clinical practice and may be used to identify 
fetuses that need more intensive surveillance. 25 
The pulsatility index of the superior mesenteric artery does not differ 
from the pulsatility index of the renal artery in appropriate-for-gestational- 
age fetuses. But in small-for-gestational-age fetuses it appears that the 
renal artery has a higher pulsatility index than the superior mesenteric 
artery, suggesting a preferential distribution of blood flow to the bowel. It 
is also of interest to note that the pulsatility index of the superior 
mesenteric artery increases with advancing gestation in both appropriate- 
for-gestational-age and small-for-gestational-age fetuses, an effect that may 
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reflect the increase in the amount of bowel that needs to be supplied as it 
lengthens. 
Doppler ultrasound has been used extensively in the imaging of the 
human fetus. When studying fetal circulation in intrauterine growth 
restricted fetuses, it has been shown that there is increased resistance to 
flow in the umbilical arteries 20 and renal arteries 26/ with redistribution 
of the blood flow to the brain. 27 As the vascular resistance increases at 
the level of the kidneys and placenta, one may expect to see an increase in 
the vascular resistance in the arteries that supply the bowel. Recently, a 
method has been validated to study the superior mesenteric artery with 
color Doppler, in normal fetuses as well as in fetuses with 
gastrochisis.28,29 We propose to use this method in our study. 
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STATEMENT OF PURPOSE 
The objective of this study was to analyze the flow velocity waveforms 
of the superior mesenteric artery waveforms in small-for-gestational-age 
fetuses and to determine if its study adds any new information to the 
study of the middle cerebral artery and umbilical artery flow velocity 
waveforms. The increased perinatal morbidity and mortality of small-for- 
gestational-age fetuses was measured in terms of the numbers of perinatal 
demise, cesarean sections for fetal distress, the need for intubation, and/or 
the presence of necrotizing enterocolitis. 
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MATERIAL AND METHODS 
Forty-one singleton pregnancies were included in the study. The 
pregnancies were complicated by small-for-gestational-age fetuses. 
Gestational age at the time of the study ranged from 21.6 weeks to 40.2 
weeks. The patients were pregnant women who presented to the Yale 
Perinatal Unit or were admitted to Yale New Haven Hospital from 1992- 
1996. All subjects gave oral consent for participation. The fetuses were 
classified as small-for-gestational-age on the basis of ultrasound 
measurements of fetal weight below the tenth percentile for gestational 
age and confirmed by low birth weight, as defined by Usher and McLean.8 
Exclusion criterion was the presence of any chromosomal abnormality. 
In Figure 2 the patient population included in the study is represented 
by subject number, the gestational age in weeks when the Doppler 
waveform analyzed for the study was performed, the gestational age in 
weeks at the time of delivery, the stage of development at the time of 
delivery; extremely premature (EP), premature (P), or at term (T), and 
comments that were noted concerning some of the mothers' and fetus' 
state throughout the time of the study. The fetuses were staged at the 
time of delivery as either extremely premature, premature, or at term, 
based on: extremely premature defined as < or equal to 1000 grams or < or 
equal to 28 weeks gestation; prematurity defined as weighing between 1000 
and 2500 grams or < or equal to 37 weeks gestation; and at term being 
defined as greater than 2500 grams or greater than 37 weeks gestation. 
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Figure 2. Table describing patient population. 
Subj. # Doppler Delivery Stage Comments on mother's state Comments on fetus' state 
1000 26.4 27.2 EP Died at 6 months 
1001 28.3 29.6 P 
1005 25.3 27.3 EP Sepsis, sickle cell 
1006 27.4 27.5 EP Tracheostomy 
1007 28 28.6 P 
1008 26 29 P Died at 2 days 
1009 26.4 32.3 P fetal distress due to seizures 
1010 22 30.3 P Oligo, thrombocytopenia 
1014 21.6 38 T Died at 2 mths, mjr. malform 
1015 27 29 P chorioamnionitis 
1016 27.3 29.3 P 
1019 25.6 28.2 P 
1020 32.4 32.6 P 
1021 27.4 27.5 EP Susp. mult, episodes of NEC 
1023 27.5 27.6 EP Died at 5 months 
1025 22 24 EP PROM, chorioangioma Died at 30 minutes 
1026 30.2 31.3 P 
1027 25.3 26.1 EP 
1029 27.5 29 P 
1030 34 34 P 
1031 34.3 37.3 T 
1032 35.6 35.6 P Placenta previa-accreta 
1035 31.1 31.2 P 
1036 27.4 29 P 
1040 30 38 T 
1041 31.3 37.3 T B19 Parvovirus 
1044 25.4 37 P 
1045 37 38.1 T 
1046 37.3 38 T 
1055 32.6 34 P 
1057 37.6 40.1 T Crohns dis., hyperthyroid 
1058 33.1 33.2 P oligo, velamentous insertion 
1059 36.4 39 T oligohydramnios 
1060 40.1 40.2 T 
1061 37.6 38.1 T 
1062 36.5 39.3 T 
1068 35.3 37.6 T malf./chromosomes-exclude clinodactyly, short limbs 
211 33.9 36 P 
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243 27.6 27.6 EP HELLP syndrome RDS 
256 29.3 30 P 
257 - 32 P 
case r. 30 30.3 P 
An Acuson 128 (Acuson Co., Mountain View, Calif.) and ATL, HDI 
3000 (Advanced Technology Laboratories Bothell, WA), with a carrier 
frequency of 3.5 and 5.0 MHz were used to identify the fetal superior 
mesenteric artery, the umbilical artery, and the middle cerebral artery. The 
systems operate at power outputs of <100 mW/cm- spatial peak-temporal 
average intensity in both imaging and Doppler modes. Pulsed color flow 
imaging was used because of the inability of conventional 
ultrasonography in the resolution of small fetal vessels. The superior 
mesenteric artery was studied, after a transverse view of the fetal abdomen 
at the level of the kidneys was obtained. Color Doppler allows the 
visualization of the two renal arteries and the superior mesenteric artery 
as previously reported. 28 Doppler-shifted frequencies in the scan plane 
were colored either red (movement toward the transducer) or blue 
(movement away from the transducer). The sample volume was placed 
over the superior mesenteric artery after its origin from the aorta. Pulsed 
Doppler evaluation was performed with a sample volume of 2 mm, a 
high pass filter between 0 and 125 Hz, and an angle of incidence between 0° 
and 45° from the ultrasound beam. The umbilical artery was sampled 
close to the placental insertion. The middle cerebral artery was studied by 
Doppler ultrasound right after its origin, as previously described in which 
an axial section of the brain, including the thalami and the cavum septum 
pellucidum, was obtained.27 By moving the transducer caudally, towards 
the base of the fetal skull, the circle of Willis was seen. The middle 
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cerebral artery was insonated through an anterior (tempero-occipital) or a 
posterior (occipito-temporal) window. All Doppler studies were 
performed with the woman in the semirecumbent position and during 
fetal apnea. 
The waveforms of all three vessels were quantified by the pulsatility 
index, which is defined by Gosling and King 4 as the division of the 
difference between the peak systolic and end-diastolic velocity by the mean 
flow velocity over the entire cardiac cycle. The flow velocity waveforms 
were analyzed by using the software included in the ultrasound system. 
An average of three consecutive waveforms of similar appearance was 
used to establish each value. The pulsatility index values for the 
umbilical, superior mesenteric, and middle cerebral arteries were plotted 
above the normal reference range. Additionally, the amount of amniotic 
fluid was subjectively estimated in all the fetuses by an experienced 
ultrasonographer and the patient was classified having either normal 
amniotic fluid or oligohydramnios. 
The clinician. Dr. Giancarlo Mari, was not informed of any of the 
results of the Doppler studies. Thus, intervention was carried out on the 
basis of traditional criteria of a halt of fetal growth as measured by 
biometry, the recording of an abnormal cardiotocogram, an abnormal 
biophysical profile, or deterioration in the maternal condition. 
In the neonates, I took special note of the following: fetal distress, 
defined as non-reassuring fetal testing, cesarean sections, birth weight, 
occurrence of respiratory disorders and need for ventilatory support, fetal 
demise, neonatal demise, and necrotizing enterocolitis, which was defined 
as abdominal distention, blood in the stool, pneumatosis intestinalis, or 
perforation seen in the abdominal radiograph.^ Necrotizing enterocolitis 
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was graded as either: I-suspicious single episode, Il-suspicious multiple 
episodes, Ill-confirmed diagnosis without surgical intervention, or IV- 
confirmed diagnosis with surgical intervention. Necrotizing enterocolitis 
in a fetus was counted if there was one or more suspicious episodes or 
confirmed diagnoses with or without surgical intervention; all grades 
were counted. 
The fetuses were divided into groups with abnormal flow velocity 
waveforms in the middle cerebral, umbilical, or superior mesenteric 
arteries. Chi-square and/or Fisher analyses when appropriate were then 
conducted for each artery and its respective relationship with adverse 
perinatal outcome, which was defined as either neonatal or fetal demise, 
or the presence of one of the following: intubation, cesarean section for 
fetal distress, necrotizing enterocolitis. The analysis was then performed 
by considering each artery and only the presence of necrotizing 
enterocolitis. A p < .05 was considered statistically significant. 
In order to elucidate the contributions made to this project. Dr. 
Giancarlo Mari performed the pulsed wave Dopplers in accessing the 
umbilical, middle cerebral, and superior mesenteric arteries in a patient 
during one visit. The spectral analyses with the quantitative 
measurement of the pulsatility index of each artery; be it umbilical, middle 
cerebral, or superior mesenteric, were collected and kept on file with other 
information such as birth weight, intubations, neonatal or fetal demise, 
delivery date, gestational age at the time of Doppler study, etc. All this 
information was placed in a large data base of intrauterine growth retarded 
fetuses. I then went through each of these files to find subjects that 
fulfilled the Usher and McLean definition of a small-for-gestational-age 
fetus. From this group of small-for-gestational-age fetuses, I then looked 
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at each pulsatility index for the umbilical, middle cerebral, and superior 
mesenteric arteries and determined if these quantitative measures were 
either abnormal or normal for the gestational age of the fetus when the 
Doppler study was performed. As stated previously I recorded which 





Forty-two small-for-gestational-age fetuses were diagnosed in utero. 
However, only forty-one were included in the study because one fetus was 
diagnosed as having Down syndrome. Looking at the study population as 
shown previously in Figure 2 , the impact of the gestational age upon 
neonatal outcome is apparent. Out of the 41 small-for-gestational-age 
fetuses studied, eight (EP=8/41 = 19.5%) were extremely premature in 
which all of the eight (8/8=100%) fetuses ended in adverse perinatal 
outcome. Twenty two out of forty one fetuses were premature 
(P=22/41=53.7% ) in which sixteen out of the twenty two (16/22=72.7%) 
resulted in adverse perinatal outcome. Eleven fetuses (T=ll/41=26.8%) 
were delivered at term with three of the eleven (3/11=27.3%) ending in 
adverse perinatal outcome. 
Seventeen small-for-gestational-age fetuses had an abnormal superior 
mesenteric artery pulsatility index, defined as a pulsatility index value 
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above the 95% confidence interval. Two fetuses out of this seventeen 
had absent end diastolic velocity. Abnormal middle cerebral artery 
pulsatility indices were noted in 22 small-for-gestational-age fetuses, and 
26 small-for-gestational-age fetuses had an abnormal umbilical artery 
pulsatility index, of which 12 of 26 had absent end diastolic velocity and 9 
reversal of flow. Besides noting the number of abnormal Dopplers for 
each artery in the small-for-gestational-age fetus, each aspect used to 
substantiate adverse perinatal outcome was matched with the number of 
abnormal Doppler waveforms for a particular artery. The results of the 
study population are reported in Table I. 
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As seen in Table I, the abnormal umbilical and middle cerebral artery 
waveforms constituted a greater percentage in all parameters of adverse 
perinatal outcome when compared to the superior mesenteric artery. It is 
also of interest to note that nine out of forty-one fetuses had abnormal 
Dopplers in all three vessels, eight (8/9=88.9%) of which ended in adverse 
perinatal outcome. Twenty four out of the forty one fetuses had abnormal 
Dopplers in two of the vessels, twenty (20/24=83.3%) of which ended in 
adverse perinatal outcome. Further analysis of the 12/17 abnormal 
superior mesenteric artery pulsatility indices which resulted in adverse 
perinatal outcome, shows that 11 out of the 12 (11/12=92%) had either an 
abnormal umbilical or middle cerebral artery pulsatility index. 
The results of the Fisher analyses between adverse perinatal outcome 
and abnormal flow velocity waveforms in each artery are reported in 
Table II. The results of both the middle cerebral artery and umbilical artery 
are statistically significant, unlike that of the superior mesenteric artery. 
The Fisher analysis of the superior mesenteric artery is not only less 
sensitive or specific, but also has less predictive value than either the 
middle cerebral or umbilical arteries. 
The results of the analyses between each artery and the presence of 
necrotizing enterocolitis are reported in Table III. None of the arteries 












Total SMA MCA UA 
No. of Cases 
41 17/41 (41%) 22/41 (54%) 26/41 (63%) 
5 2/5 (40%) 3/5 (60%) 5/5 (100%) 
15 5/15(33%) 11/15 (73%) 13/15(87%) 
19 9/19 (47%) 15/19 (79%) 16/19 (84%) 
6 3/6 (50%) 4/6 (67%) 5/6 (83%) NEC 
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Table II. Fisher Analyses of Adverse Perinatal Outcome (N=27) and 
Abnormal Artery Flow Velocity Waveforms 






Total Abnormal SMA 
12 15 
5 9 
PI =17 p value=0.7417 Sensitivity=70.6% 
Specificity=37.5% 
Positive Predictive Value=44.4% 
Negative Predictive Value=64.3% 
Middle Cerebral Artery PI 
Abnormal Normal 
Adverse Perinatal 
Outcome 19 8 
Normal Perinatal 3 11 
Outcome 
Sensitivity=86.4% p = .0071 
Total Abnormal MCA PI=22 Specificity=57.9% 
Positive Predictive Value=70.4% 
Negative Predictive Value=78.6% 






Total Abnormal UA PI = 26 Sensitivity^ 85% p = .0017 
Specificity = 67% 
Positive Predictive Value=81.5% 





Table III. Fisher Analyses of Necrotizing Enterocolitis (N=6) and Abnormal 
Artery Flow Velocity Waveforms 





Total Abnormal SMA PI=17 Negative Predictive Value=60.0% 
3 3 
14 21 
Sensitivity=17.6% p value=0.6786 
Specificity=87.5% 
Positive Predictive Value=50.0% 





Total Abnormal MCA PI=22 Negative Predictive Value=48.6% 
Umbilical Artery PI 
4 2 
18 17 
Sensitivity=18.1% p value=0.6681 
Specificity=89.5% 







Sensitivity=19.0% p value=0,3878 
Specificity=93.3% 
Positive Predictive Value=83.3% 




The superior mesenteric artery arises anteriorly from the abdominal 
aorta just below the celiac artery and at the level of the renal arteries. It 
supplies the distal part of the duodenum, the jejunum, ileum, cecum, 
appendix, ascending colon, and most of the transverse colon.30 ln the 
appropriate-for gestational-age fetus the flow velocity waveforms of the 
superior mesenteric artery as seen by color Doppler are extremely pulsatile, 
and in normal fetuses there is no reverse or absent diastolic flow. The 
superior mesenteric artery pulsatility index increases linearly with 
advancing gestation.29 This suggests that the intestinal vascular resistance 
may also be increasing, as the length of the bowel increases with 
advancing gestation. Other factors which could affect the pulsatility index 
are vessel diameter, blood pressure, heart rate, preload, and cardiac output. 
Small-for-gestational-age fetuses have higher umbilical artery 
pulsatility indices than normal, reflective of high placental vascular 
resistance and impaired placental perfusion. 20 This condition results in a 
state of chronic hypoxia for the fetus, which in turn causes a decrease in 
the vascular resistance of the cerebral vasculature and an increase in blood 
flow to the brain, as reflected by the low middle cerebral artery pulsatility 
index "brain-sparing effect." 27 in the small-for-gestational-age fetuses, the 
superior mesenteric artery pulsatility index was higher than normal in 
seventeen out of forty-one fetuses, with two of the fetuses having absent 
end diastolic velocity. The superior mesenteric artery of small-for- 
gestational-age fetuses was also more difficult to visualize with the color 
Doppler than those of appropriate age fetuses. Yet in these same small-for- 
gestational-age fetuses the middle cerebral artery was easier to visualize. 
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We speculate that this may indicate a narrowing of the superior 
mesenteric artery and a vasodilation of the middle cerebral artery in these 
small-for-gestational-age fetuses. 
Under conditions of hypoxia and ischemia it has been thought that the 
fetus is more prone to developing necrotizing enterocolitis (NEC). ^ The 
diagnosis is suggested with signs and symptoms of neonatal shock, sepsis, 
gastrointestinal manifestations, and confirmed by pneumatosis 
intestinalis or portal vein gas in X-ray or ultra sonographic evaluation.31 
A previous study has shown that small-for-gestational-age fetuses with 
absent end diastolic velocity at the descending aorta are more predisposed 
to necrotizing enterocolitis. 32 The descending aorta was not analyzed in 
this study, but the superior mesenteric artery which supplies the small and 
large bowel to the level of the midtransverse colon was studied. There 
were six neonates with necrotizing enterocolitis, of which three had 
abnormal superior mesenteric artery pulsatility indices. However, the 
middle cerebral and umbilical artery pulsatility indices seemed to be better 
indicators of necrotizing enterocolitis with abnormal values in 4/6 and 5/6 
neonates respectively. Although the numbers show that the abnormal 
middle cerebral and umbilical artery pulsatility indices select more 
neonates with necrotizing enterocolitis, the Fisher analyses of NEC with 
each respective artery was insignificant. 
By simply pairing the numbers of fetuses with adverse perinatal 
outcomes with the number of abnormal pulsatility indices in each of the 
three arteries, one can see that the umbilical or middle cerebral artery 
would always pick up more fetuses at risk for adverse perinatal outcome 
than the superior mesenteric artery. Therefore, the middle cerebral and 
umbilical artery pulsatility indices seem to be better predictors of adverse 
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perinatal outcome than the superior mesenteric artery. The reason for 
this may be because the amount of blood flows to the placenta and to the 
brain are higher than those to the bowel and in presence of blood flow 
changes to these districts, it is easier to see the changes at the umbilical 
artery and middle cerebral artery. With the middle cerebral and umbilical 
artery there is a noted correlation between abnormal waveforms and poor 
placental gas exchange. From our data it appears that the information 
provided by the superior mesenteric artery pulsatility index does not add 
significantly to the study of the middle cerebral and umbilical artery when 
studying the small-for-gestational-age fetus. I did not use the resistance 
index or the S/D ratio to quantify the waveforms, because in several cases 
there was absent end diastolic velocity in the superior mesenteric artery or 
the umbilical artery. Nine out of twenty six fetuses also had reversal of 
flow in the umbilical artery. One of the limitations of our study is that we 
only looked at the pulsatility indices of the arteries. Perhaps studying the 
peak velocity of the superior mesenteric artery may prove to be a better 
indicator for necrotizing enterocolitis. However, the peak velocity was not 
assessed in this study because of its dependence on a zero degree angle of 
incidence, a technically difficult procedure which was not performed in all 
fetuses. 
This study suggests that in a state of chronic hypoxia and impaired 
placental perfusion, there will be circulatory centralization, with more 
blood flow to the cerebrum and decreased blood flow to the level of the 
bowel, presumably secondary to an increase in the vascular resistance as 
reported in animal studies. 33 The superior mesenteric artery pulsatility 
index does not appear to add any more clinical information to the data 
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